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Electrochemical Micromachining on Different Types of GaAs by
Confined Etchant Layer Technique
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(Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005,
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Abstract  The confined etchant layer technique (CELT) was applied to electrochemical micromachining on different
types of GaAs (p-type, n-type, undoped). Cyclic voltammetry curves showed that the etchant bromine was generated on
the mold and L-cystine was thus used as an efficient scavenger to react quickly with the etchant. Therefore, the etchant
was confined very close to the surface of the mold and it etched the workpiece of GaAs when the distance between the
mold and workpiece was less than the thickness of the confined etchant layer. An array of concave microstructures was
fabricated on different types of GaAs by CELT using a mold with an array of convex hemispheres. Several factors
including the concentration ratio between the etchant and the scavenger, types of GaAs, and anodic oxidation during
the process of CELT were studied. Experimental results showed that the resolution of electrochemical micromachining
increased when the thickness of the confined etchant layer decreased. During the microfabrication process, anodic
dissolution affected the electrochemical micromachining of p-type GaAs much more than that of the other two types of
GaAs. The oxide layer on p-GaAs had a strong influence on electrochemical micromachining. X-ray photoelectron
spectroscopy (XPS) and polarization curves also proved the existence of the oxide layer on p-GaAs.

Key Words  Anodic dissolution; GaAs; Confined etchant layer technique; Etchant; Scavenger

(GaAs) ) >

Received: January 8, 2009; Revised: May 16, 2009; Published on Web: June 12, 2009.
“Corresponding author. Email: jingtang @xmu.edu.cn; Tel: +86-592-2185797.

The project was supported by the National Natural Science Foundation of China (20873112) and Fund of National Engineering Research Center for
Optoelectronic Crystalline Materials of China (2005DC105003).
(20873112) (2005DC105003)
© Editorial office of Acta Physico-Chimica Sinica


https://core.ac.uk/display/41441912?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1672 Acta Phys. -Chim. Sin., 2009 Vol.25
, GaAs ( 1(A) (d) )
, N . , 1(A)
N . (e)
GaAS [11-13] N [14-20] N [21]
N N n-GaAs
. , @ , GaAs .
[1—4]‘
s GaAs s GaAs N
Hjort®  Collins GaAs/AlGaAs 1
CELT , (HET)™!
, , (PMMA)
s , PMMA (24251 Pt
, , Ti Pt PMMA
/ , Pt 20
N nm, Ti 5 nm. PMMA/Ti/Pt
N , GaAs , s
. , 100 pm,
Schuster™ ,Kolb @ 50 pwm. PMMA/Ti/Pt ,
(ECSTM) 100 pm, 50 pm.
.Bard ¥ PMMA 1(B) ,
PMMA Ti ,
Br,, GaAs , 135-140 C(PMMA 110
. Q). ,  PMMA
=D ,
, @ |
. (3) PMMA/TIP1
1992 Tian [ PMMA
(b (a)
(CELT), , ] PMUATTUPT S
| el
(c) (b)
PMMA/TV/Pt
/ PMMA/Ti/Pt = —
e e T
’ (A) (B)
' ' 1 CELT(A) HET (B)
’ Fig.1 Schematic illustration of CELT (A) and HET (B)
1(A) (o) (CEL). CELT: confined etchant layer technique, HET: hot embossing technique



No.8 GaAs 1673
, CELT , ,
GaAs Br,
, L- ,
(RSSR, R=HOOCCHNH,CHs) 2 Pt ( 2
s GaAs ( mm) ,
(1-3) ). 100 mV-s™, H,SO, L-
: 10Br—10e™—5Br, (D) HBr
: 5Brs+4RSSR+6H,O— 2 a 1.1 mol-L~!
2RSO;H+10H*+10Br~ 2) H,SO,+8.9x10* mol - L™ L- , ,
: Br,+GaAs+3H,0— L- ,
2Br+AsOi+Ga*+6H* 3) . b 1.1 mol -
PMMA/Ti/Pt L™ H,SO,+8.3x107 mol - L™ HBr, ,
, Pt , 09V )
(SCE) 60 mV, Br
GaAs , . c—€
1.0 V(vs SCE) H,SO,.HBr.L- , H,SO, L-
, Br- 1.1  89%x10® mol-L™". HBr
Br,, (L- ) 2.77x107.8.33x107* 2.49x1072
GaAs mol L. b d , L-
(CEL) , Br, GaAs, ,Brr 09V ,
, L- Br, ,
, ( ) ; Br , ,
GaAs L- Br,
s s c—¢e s L- HBr
GaAs 3mm , Br,
5 min , L
-‘”I scan rate: 100 mV+s™ |
: \
GaAs(100) GaAs, n- 25 \
GaAs(Si 1.84x10" em™, > 1:’
1.72x107 () -cm), p-GaAs(Zn , (0.902— E “'I
3.01)x10" cm™, (3.29-7.69)x107 () - S
cm. HBr L- , 0
CHI631B -3 T
s 0.2 04 0.6 08 1.0 2 14
E/V(rs SCE)
) Leica Q550WM, 2 Pt ( 2 mm)
X (XPS) Physical Electron-
. . . Fig.2 Cyclic voltammetric curves of a Pt electrode
1cs Quantum 2000 Scanning ESCA microprobe, (diameter: 2 mm) in different etchant solutions
Al K, (a) 1.1 mol L™ H,SO+8.9x10" mol-L™' L-cystine, (b) 1.1 mol-L"
H,SO,+8.33x10™ mol - L™ HBr, (c) 1.1 mol- L™ H,SO,+8.9x10™
> mol L1 L-cystine+2.77x10™ mol-L-‘l HBr, (d) 1.1 mol L™ H,SO+
8.9x10% mol - L L-cystine+8.33x10™ mol - L™ HBr, (e) 1.1 mol - L
21 H.S0,+8.9x10% mol - L™ L-cystine+2.49x10? mol - L™ HBr



Vol.25

1674 Acta Phys. -Chim. Sin., 2009
5 B € > >
Br, s c d Br, 3
. e , ,
L- Br, , GaAs
s Br, )
Br, . 2 Br, L- , 15 min
R L- GaAs 3mm 5 min R
Br, , L- )
2.2 CELT 2.3 GaAs CELT
Tian ™ u=(Dlky)"™, GaAs CELT ,
D , kg CELT GaAs
R 9.96x102mol-L*L- +0.1 mol-L* HBr+1.1
D mol -L™! H,S0, .Bard ™
ki , Br, GaAs
, , n-GaAs p-GaAs 3
, Br- )
Br, s s
, GaAs , n-GaAs
) ) , n-GaAs
, . ( e’) , n-
3 100 pm S GaAs S
HBr ;  p-GaAs
, , n-GaAs PMMA/ , p-GaAs ( h*)
Ti/Pt (160 mN). 3(a). , p-GaAs
3(b)  3(c) HBr 2.77x107, , 61,
8.33x10%  2.49x102 mol-L7, GaAs n-GaAs
83.8.104.0  114.0 pm. 3 . CELT Br, GaAs
s s 5 Br, 5
3 .() Br, GaAs

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.

n-GaAs
Fig.3 Microscopic images of the n-GaAs microstructure etched in etchant solutions with different concentrations
(a) 8.3x107 mol - L™ L-cystine+2.77x10~ mol - L™ HBr+1.1 mol- L™ H,SO,, (b) 8.3x10™ mol- L™ L-cystine+8.33x10~ mol - L™ HBr+1.1 mol - L™
H,SO,, (¢) 8.3x107 mol - L™ L-cystine+2.49x107% mol - L™ HBr+1.1 mol- L™ H,SO,; The potential is 1.0 V (vs SCE) and the etching time is 30 min.
The pressure during the etching is 160 mN.
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Fig.4 Microscopic images of different types of GaAs etched in the same etchant solution
(a) n-GaAs, (b) undoped GaAs, (c) p-GaAs; The etching solution is composed of 9.96x10 mol - L™ L-cystine+0.1 mol-L™ HBr+1.1 mol - L™ H,SO,.
The potential is 1.0 V (vs SCE) and the etching time is 30 min. The pressure during the etching is 160 mN.
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Fig.5 Polarization curves of different types of GaAs in different etchant solutions
(A) 9.96x107* mol L™ L-cystine+1.1 mol L™ HSO,, (B) 9.96x107 mol-L™ L-cystine+0.1 mol-L™ HBr+1.1 mol-L" H,SO; scan rate: 1 mV+s™
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Fig.6 XPS spectra for different types of etchant GaAs after anodic corrosion
XPS spectra of As 3d (A) and Ga 2p,, (B) for different types of GaAs after polarization at 1.0 V in etchant solution of
9.96x107 mol L™ L-cystine+1.1 mol-L™ H:SO,, and the can rate is I mV+s™
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